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The DAG family of glycosyl hydrolases combines two previously identified protein families Glycosyl BLAST [3] , identified a number of new potential homologues, including several a-galactosidases, two a-N-acetylgalactosaminidases [4] , and an isomaltodextranase from the bacterium Arthrobacter globiformis [5] (see Table 1 ). Homology between these enzymes was established by determining binary comparison scores, expressed in standard deviations (S.D.), by using the RDF2 program [6] with 500 random shuffles. For example, comparison of the Aspergillus niger a-galactosidase (a member of former family 27) with a Pediococcus pentosaceus agalactosidase (a member of former family 36) yielded a score of 10 S.D., whereas comparison of the A. globiformis isomaltodextranase (previously believed to be unique [5] ) with the Cyamposis tetragonoloba a-galactosidase (a member of former family 27) gave an optimized score of 13 S.D. These and other scores obtained are of sufficient magnitude to establish evolutionary relatedness [7] between all of the fully sequenced members of this family (Table 1) .
Phylogenetic analysis revealed that this family consists of two primary clusters, with isomaltodextranase falling on a separate branch (Figure 1 ). The first cluster includes eukaryotic a- The TREE program [8] was used for construction of the phylogenetic tree and calculation of branch lengths. Relative evolutionary distances are provided adjacent to each branch. The abbreviations used are presented in Table 1 . galactosidases and a-N-acetylgalactosaminidases, and the second contains prokaryotic a-galactosidases. Multiple sequence alignment of the DAG family revealed one region that showed greatest conservation when all members of the family were considered. This region is shown in Figure 2 : four residues in the short alignment portrayed are fully conserved (two glycines, a tryptophan and an aspartic acid). Moreover, approximately half of the residues presented are conserved in the majority of the proteins. It seems likely that this region is of functional significance, perhaps as part of the active site of these enzymes. Supporting this notion, residues adjacent to this region have been demonstrated to be functionally important in the agalactosidases from C. tetragonoloba [9] and Homo sapiens [10] . In addition to the proteins listed in Table 1 , searches of the translated nucleotide sequence databases identified five partially sequenced unidentified open reading frames (URFs) encoding homologues of established DAG family members. The products of these URFs, from Oryza sativa (D24643), Arabidopsis thaliana (T41617), Caenorhabditis elegans (M92935), Homo sapiens (Z15307) and the fungus Cochliobolus carbonum (M55979) (GenBank accession numbers provided), exhibited comparison scores with established DAG family members in excess of 10 S.D. The first three of these sequences were found to cluster in the phylogenetic tree with the other eukaryotic members of the DAG family, but the last two sequences clustered with the bacterial agalactosidases of the DAG family. It remains to be established whether this clustering is artifactual, due to their incomplete sequences, or if the last two sequences represent true eukaryotic members of the bacterial a-galactosidase cluster.
The results summarized here established the occurrence of a diverse superfamily of glycosyl hydrolases of both eukaryotic and prokaryotic origins. They set the groundwork for the eventual re-evaluation and consolidation of the previously assigned families of these enzymes as an increasing number of these sequences become available. [4] [5]
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